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Translated from the original byF. W. Mott, M.D.
THE more vigorous the opposition which my statements
regarding the visual areas of mammals have met with, and
the longer the interval that has elapsed before it has been
overcome, so much the more certainly, as I believe, have
my views obtained a stable foundation. One important
point only may be looked upon as an exception to this
statement. Although it is generally agreed that to each
visual area in the monkey (and in man) the corresponding
halves of both retinas correspond, and that in the dog the
correspondence of each visual area is with about the lateral
fourth of the retina of the same side, and the mesial three-
fourths of the retina of the opposite side, the intimate con-
nection which I have further made out between the retinal
areas on the one hand and the cortical areas of the occipital
lobe on the other hand, together with the so-called projec-
tion of the retinae on the visual areas, still remains for the
most part unconceded. The object of the present com-
munication will be to further the acceptance of these views.
I obtained the first insight into the subject in an early stage
of my experiments. Having extirpated a suitable and not
too small portion of the cortex of one occipital lobe, I found
that visual disturbances occurred' which were only to be
explained by supposing that a second blind spot had been
produced in the retina.1
* This paper, describing experiments carried out in conjunction with
Dr. Ogregia (of Bucharest'), was presented to the Royal Academy of
Science*, Berlin, on the 16th Jan., 1890, and is published in the Proceed-
ings of the Academy.
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46 THE VISUAL AEEA OP THE CEBBBBAL OOBTBX.
Accordingly loss of perception corresponding to a certairr
part of the light-receiving elements of the retina always
follows extirpation of a certain part of the cortex, and it
cannot, as I have remarked, be explained otherwise, than
by supposing that the central elements of the visual areas,
in which the optic fibres end, and the perception of sight
takes place, are arranged in a regular and successive manner
like the sensory elements of the retina from which the optic
fibres originate, in such a way that neighbouring retinal
elements always correspond to neighbouring perceptive
cortical elements.
These extremely delicate observations were, however,
rendered very difficult because the disturbances were of a
transient nature and the animal soon leamt to neglect the
new blind spot. I have, therefore, in a later systematic
research on dogs removed large pieces suitably chosen
from a visual area, alternating the anterior and the pos-
terior, the mesial and the lateral halves and so on—and
the disturbances of vision, now lasting long enough for
observation, have enabled me to determine more accurately
the connections of the retina with the visual areas.8 Ac-
cording to the results of this research the retina may be
assumed to be projected upon the visual areas in such a
manner that the upper retinal zone corresponds to the
anterior border of the visual area, the lower retinal zone
to the posterior border of the visual area and the mesial
retinal zone to the mesial border of the visual area. Finally,
in so far as the retina of one side and the visual area of the
other belong in the main to one another (in the dog) so does
the lateral border of the retina correspond to the lateral
border of the visual area {vide diagrams).
In conclusion, I have combined with similar partial
extirpations of one visual area in dogs, total extirpations
of the other, so that nothing but a remnant of one visual
area remained intact).* These researches were most difficult
to perform, but, when successful, the above determined
projection was recognizable in the clearest and simplest
manner. I have not made investigations to the same extent
in monkeys. In transverse sections through the occipital
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THE VISUAL ABBA OP THE CEREBRAL COBTEX. 47
lobes the cortical convolutions (contrary to their great sim-
plicity in the dog), here show a considerable degree of
intricacy; and this has given rise to difficulties which could
not be overcome. After numerous different partial extirpa-
tions, I have, therefore, contented myself with establishing
the fact that, as might be supposed, in principle, the same
projection exists in monkeys as in dogs.*
During ten years no repetition of my investigation has
been forthcoming, and projection has been regarded by some
as a great discovery, and by others almost as a fable. It
must, indeed, seem of little worth to those who altogether
dispute the dependence of the simplest visual perceptions
upon the visual areas of the cortex; and it is perfectly
natural that they should have failed to recognise such
slight support, which even the larger extirpations in the
area of the occipital lobes, have offered for the projection
theory.
* And as for pathological cases in man, whilst they have
been forthcoming in numbers in support of my other state-
ments in reference to the visual areas, they have seldom
been favourable to the theory of projection, less by reason
of the rarity of the cases than of the difficulty of observation.
Only one experimental result at last appeared in favour
of projection. Of two monkeys from which Messrs. Sanger
Brown and E. A. Schaefer had removed both occipital lobes,
one was rendered permanently but the other only partially
blind; in the latter a small part of the field of vision was
left so that objects held above the level of the eyes were
seen ; and it was shown that in the latter case the extirpa-
tion on the under surface of the hemispheres had not
extended as far forward as in the former case.6 Mean-
while results confirmatory of projection have frequently
occurred, unsought ,by me, in my numerous extirpations
of the visual areas, in cases where the intended total ex-
tirpation of both visual areas had not succeeded on the
one or on the other side. But I had not hitherto been
able to discover any simpler or more easily demonstrated
mode of experimentation than those that I have described.
Another road has recently again been opened up in the
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direction of projection. Mr. Schaefer6 has found that asso-
ciated movements of the eyes are produced in monkeys
by stimulation with the induction current of all points of
cortex of the occipital lobes. Both eyes always move towards
the side opposed to the lobes stimulated; and at the same
time downwards if the excitation takes place in the upper
(or anterior) and upwards if it takes place in the under
(or posterior) zone of the occipital lobes : in both cases the
movement (upward or downward) is strongest when the
electrodes are placed on the mesial surface of the lobe or
in its neighbourhood.
The intermediate zone, from which pure lateral move-
ments were obtained, is externally wide, internally narrow,
so that there is only a narrow portion on the mesial surface
of the lobe.
The upward movement of the eyes was generally accom-
panied by an elevation of the eyelids, the downward move-
ment by a depression, but these movements of the eyelids
were as irregular in the experiments, as the changes of the
pupils which sometimes accompanied the movements of the
eyes. As far as could be observed the visual axes always
remained parallel, when one hemisphere only was stimu-
lated. Once, when the electrodes were placed on corres-
ponding points of the mesial surfaces of both hemispheres,
a feeble convergence of the visual axes occurred, but this
result was not marked or constant enough to permit of
much importance being attached to it.
We assume, therefore, says Mr. Schaefer, that these
various movements of the eyes are the result of the accom-
panying appearances of subjective visual sensations, which
the stimulation causes; and that the movements take the
directions towards which those sensations are projected.
Thus these experiments point to a certain connection
between the parts of the cerebral visual area and of the
retinae, a connection which may be Btated as follows :—
First, the whole visual area of one hemisphere is connected
with the corresponding lateral half of both retinae, the upper
zone of the visual area of one hemisphere is connected with
the upper part, the lower zone with the lower part, the in-
 by guest on O
ctober 12, 2015
http://brain.oxfordjournals.org/
D
ow
nloaded from
 
THE VISUAL AREA OP THE CEBEBBAL CORTEX. 49
termediate zone with the middle part of the corresponding
lateral half of both retinae. So far this is a perfect confir-
mation of my investigations. However, Mr. Schaefer goes
further than this, and continues in the following manner :—
" W e may represent these relations diagrammatically by
supposing the visual areas of both hemispheres to be united
within the great longitudinal fissure and imagining each
retina to be expanded and projected in its natural position
upon the united area. If this is done, it is at once seen that
the identical points of the two retina correspond with one
and the same spot of the cerebral cortex; that the upper half
of each retina falls upon the upper half of the united area, and
the lower half of each retina on the lower part of that area ;
that the inner half of the one retina and the outer half of
the other, each fall upon the same hemisphere, and that a
vertical zone including the centres of both retina cor-
responds with the mesial part of the united area. This
would connect the parts of the retina which are concerned
in direct or central vision with a part of the mesial surface
of the occipital lobes, probably including a portion of the
quadrate lobules. This scheme of connection between the
retina and occipital lobes differs in several points from the
well-known scheme formulated by H. Munk (Ueber die
Functionen u.s.w.: 5te Mittheilung) as the result of extir-
pation experiments, chiefly upon dogs, but partly upon
monkeys. The most important differences relate to the
extent of the visual area, and to the part of the occipital
cortex which is connected with the central part of the retina
(macula lutea). The ,visual area (Sehsphare) of Munk is
confined to the occipital lobes and the macula lutea are con-
nected with the middle of the convexity of those lobes. Con-
sequently if the middle of the convexity of both lobes is
removed central vision should be abolished. But contrary
to Munk, I have not found this to be the case in monkeys.
Indeed, it was the smallness of the effect produced by this
bilateral lesion which first led me to doubt the correctness
of Munk's scheme. On the other hand, in one experiment
which I have performed since obtaining the above results
from stimulation of the cortex, there was a marked defect of
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50 THE VISUAL ABEA OF THE CEREBRAL COETEX.
central vision, produced by a bilateral injury of both mesial
surfaces. Complete and permanent abolition of central
vision did not result, but it was found, post-mortem, that
the lesion did not involve as much of the mesial surface of
the visual area, especially upon one side, as was intended at
the operation. It will be necessary to follow out the question
more closely by the extirpation method, and this I intend in
the near future to attempt; but the difficulty of arriving at
reliable conclusions from the localized extirpations of the
visual area, is enormous; for the animalu soon acquire the
habit of compensating for local defects in the visual field by
rapid movements of the eyes so as to baffle all attempts to
determine the existence of such defects. I believe, indeed,
that to arrive at detailed conclusions, we must await the
results of perimetric observations in cases of cerebral lesion
in the human subject, and that these experiments upon the
visual area of the monkey are chiefly of value as affording
indications of the kind of results to be looked for in man."
From this it would appear that Mr. Schaefer had mainly
to do with results which were at variance with my conclu-
sions concerning projection. The points of variance are,
however, of very slender importance. I have nowhere
stated that the maculse luteae of the ape are connected
with the exact middle of the convexity of the occipital lobes.
In my communication of 1880, quoted by Mr. Schaefer, I
only associated the maculs lutese with tJiat part of the
cortex, which occupies about the middle of the convexity of
each occipital lobe.8 But in a communication of the year
1881* which has escaped Mr. Schaefer's notice, I have laid
stress upon two experiments upon monkeys as " very in-
teresting new experiments" concerning the cortex corres-
ponding to the maculae lutete—two experiments which at
least counterbalance those of Schaefer—in one of which,
the convexity of each occipital lobe was extirpated about
the middle, in the other a piece of the same size, situated
further back and somewhat more internally, was removed.
In both, the monkey fixed its eyes after the operation
in the same way as before, but in the latter case the visual
disturbance was considerably greater than in the former;
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"hence I have concluded that the cortex corresponding to
the " fovea centralis " is situated in the posterior half of the
convexity of the occipital lobe on each side. The entire
difference between us amounts practically to this: I have
laid more stress on the removal of the posterior than of
ihe inner surface, and Mr. Schaefer accentuates the removal
of the inner surface. We both recognize that little im-
portance is to be attached to the difference, since the
limited number of our experiments has not permitted an
accurate localisation of the cortex in question to be made.
If Mr. Schaefer, however, merely bases his scheme upon
-the inward displacement of the visual area, so that he unites
the visual surfaces of both hemispheres on the great longi-
tudinal fissure to a single one, and projects each retina
in its natural position on this visual area as a whole
—then his conclusion is not only unsupported by facts,
"but is demonstrably erroneous. For he quite overlooks
the convolution of the cortex of the occipital lobe of the
monkey, especially the double-layer of the cortex parallel
to the surface, with the portion on the mesial border of
the lobe covered in, so that the mesial edge of the cortex
does not correspond to the mesial border of the lobe; he
forgets that important and dissimilarly placed areas of both
retinaB do not take part in binocular vision at all: he takes
no account of the differences which man, the ape, the dog,
&c., present in binocular vision; finally he disregards the
results10 which unilateral extirpations of halves of the visual
areas of monkeys have afforded.
Taking into consideration all these points, which Mr.
Schaefer has neglected, we can only maintain that in
principle the same projection exists in monkeys and man,
as in dogs, both in the vertical position (which as we have
seen, Mr. Schaefer himself upholds) and in the horizontal
position, and that the identical points of both retinas do
not correspond to the same points of the cerebral cortex;
but the external half of each retina is associated with the
outer half of the visual area of the same side, and the inner
half of each retina with the inner half of the corresponding
visual area of the opposite side. Moreover, I have observed
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52 THE VISUAL ABBA OF THE CEBEBBAL COBTEX.
in an ape, in which the intended removal of the occipitat
lobes WBB not completely successful, a condition that I have
often found in dogs. The ape was totally blind in the left
eye, whilst sensibility to light still remained in a very limited
part of the mesial and lower portion of the retina of the
right eye.
Although I have not been able to pasB over in silence
Mr. Schaefer's difference of opinion, still at the present
moment when the theory of projection has not been generally
accepted, the differences between us are not so important as
our points of agreement. Nevertheless Mr. Schaefer's in-
ference, as it stands, cannot be considered, as a new proof of
my discovery of projection, because, to him, the supposition
is based upon electrical irritation of the cortex producing
sensory impressions, a theory which was indeed assumed by
Dr. Ferrier, but up to the present time has remained without
proof, and even without probability.
To this is to be added that no great weight can be
attached to Mr. Schaefer's inference, because it only con-
tains a further development of a point which is contained
in his second assumption, namely, that the movements of
the eye take directions towards which the visual sensa-
tions are projected. Nevertheless, if one is not to assume
that the coincidence is altogether accidental, it must un-
doubtedly be accepted as affording a support for the pro-
jection theory, and as proving a close connection between
the eye movements and projection.
I have, therefore, in order to clear the matter up, under-
taken a series of experiments in conjunction with Dr. A.
L. Obreggia, of Bucharest; choosing dogs for the purpose,
because in these animals the cortex of the occipital lobes
is only slightly convoluted, and therefore more easily got at,
and the visual area is known better than in other ftnimkiR.
The dogs were placed under ether during the time of ex-
posure of the brain, but the observations were made without
any narcosis. Herr Obreggia will present an account of
these experiments in full detail elsewhere, and I shall here
restrict myself to a review of the experiments and discuss
the results. For the topography of the brain I would refer
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to the description of the dog's brain which I gave in my
fourth communication,11 January, 1878, and which has since
found a wide circulation (fig. 3).
I count the convolutions of the convexity from the great
longitudinal fissure, so that the fourth convolution surrounds
the fissure of Sylvius.
As Mr. Schaefer's very serviceable experiments on
monkeys lead us to anticipate, stimulation of the visual areas
of dogs with an induction current brings on associated
movements of the eyes towards the opposite side, both the
eyes at the same time moving downwards if the anterior
zone is stimulated, upwards if the posterior zone of the visual
area is stimulated. The intermediary zone from which
purely lateral movements originate, is but narrow ; generally
not half so wide as the spot A (fig. 4) of which about the
middle part falls in this zone.
The upward movement is produced most markedly by
stimulation of the second convolution, and it diminishes by
approximation of the electrodes to the great longitudinal
fissure: the downward movement shows, with the same
change of position of the electrodes, no decrease, but often
-an increase.
The strength of the current which was found necessary
for successful stimulation, is about the same as that required
for the other well known cortical centres for the movements
of the extremities; but for the upward movement it is some-
what less than for the downward movemeui. With the
ordinary eye-movements are often combined movements of
the upper eyelids and dilatation of the pupils, the further
consideration of which need not here detain us. If one
stimulates the cortex somewhat beyond the anterior border
of the visual area in the region F, or beyond the lateral
border of the visual area in the auditory centre B, then
the eye-movements cease, if the strength of the current be
not increased. These movements, which as we have seen
are undemably the results of locally restricted stimulations
•of portions of the visual area, are by no means slight,
being sometimes even very considerable, especially on the
posterior zone of the visual area. That the movements
VOL. xru. 5
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have nevertheless escaped observation, and that even ex-
perimentors who have directed their special attention to-
the subject have stated that what are really the most
anterior portions of the visual areas are the posterior
limits for the production of the eye-movements, is not
surprising to any one who considers the evolution of the
study of stimulation of the cerebral cortex; it would be
vain to consider all the possible causes of discrepancy.
It may, indeed, be looked upon as a lucky circumstance
that the correct knowledge of the subject was delayed.
For had not the cerebral cortex been divided into an
anterior motor and a posterior non-motor part, we should
not have had the Fritsch-Hitzig experiments, and the later-
acquired insight of the perceptive centres of the cerebral
cortex would have met with still greater opposition than
was actually the case, by reapnn of the short-sightedness
which made all spots of the cortex that gave rise to move-
ment when stimulated, into motor centres or connected
with a great motor or psycho-motor area.
The question now arises how can we adapt these later
experiments to our hitherto established knowledge of the
visual centres ? We may see our way to this, if we recollect
the results which the total extirpation of both visual areas
entails. The animal is perfectly blind, but his eye-move-
ments are intact, the so-called voluntary, as well as the
involuntary; excepting, of course, the movements which are
entirely dependent upon vision, which must be absent in a
blind animal. In the course of years I have often repeated
this experiment, and I have recently convinced myself that
in cortical-blind dogs and apes the eye-movements persist,
even when the animal remains at perfect rest, and when
every external influence is removed from his remaining per-
ceptive faculties. The visual area has nothing whatever
to do with those eye-movements of the animal which are
independent of sight, neither do these movements result
from excitation of the visual areas nor does the path of
conduction from the place of their excitation to the peri-
phery lead through the visual centres, consequently the eye-
movements which the electrical irritation of the visual area—
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induces, only correspond to particular eye-movements of the
animal which are the results of visual perception.
The following offers itself as the most obvious inference.
Outside the visual area and in the so-called motor area
—my tactile sphere—are two spots on the cortex, the elec-
trical stimulation of which causes eye-movements, one a spot
situated in the anterior part of region F, the other, in the
anterior part of region H, and accordingly as one or the
other spot is excited, so will the eye muscles of the animal
which are set in action, give rise to particular movements,
just as by stimulation of neighbouring spots C. and D. on
the cortex, arm or leg muscles will be brought into action.
Therefore, if an animal makes a movement in consequence
of having seen anything, it must be concluded that the
excitation conducted through the optic nerve fibres to the
visual areas, is transferred by associated fibres which connect
these same areas with the tactile areas, at one time by this
set of associated fibres, at another time by that—according
to the kind of movement produced, and so through certain
association fibres the excitation reaches the spots C. or D.
if arm or leg movements occur: through other associated
fibres the spots F. or H. if eye-movements take place.
In analogous fashion ;the eye-movements are obtained in
our case by excitation of the visual area with induction
currents, since the excitation produced by the electrical
current spreads to the centres F . and H. by associated
fibres which run from the visual areas to those centres ;
whether excitation is originated by the current in the
central elements of the visual area, or in the fibres them-
selves where they terminate in the visual area.
But against this conception the objections will naturally
occur, that eye-movements alone (with at the most asso-
ciated movements of the eyelids and the iris) follow the
electrical stimulation, never movements of any other cate-
gory, e.g., arm or leg movements. No doubt an explanation
of this might be found in the following consideration. It
is held on good grounds, that although the excitation of a
portion of the central nervous system comes into relation
with different paths, nevertheless, the resistance which is
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offered to its spread along the different tracts is different;
and, other things being equal, the more worn certain paths
of conduction are, i.e., the more frequently they have already
been traversed by the excitation, the less the resistance they
would offer. Among all the tracts concerned in associated
actions between the visual perceptive centres and the
tactile (psycho-motor) centres the least resistance would
probably be found along the paths for the eye-movements,
since these movements are associated with vision, more
often than any other. For this reason the above proposi-
tion concerning the eye-movements observed in our re-
searches might be accepted because in these experiments
the currents which were employed were very weak, in fact,
scarcely more than necessary to induce movement, and the
excitation was confined to as limited an area as possible.
But, if this explanation were correct, stronger stimula-
tion should lead to movements in the other parts, the paths
to which offer greater resistance, and this is never the case.
After the eye-movements have come under observation, even
when the electrodes are placed on the anterior portions of
the visual areas and still more obviously when they are placed
on the middle or posterior portions~of these areas, the induc-
tion current can be very considerably strengthened before
epilepsy is induced by the too powerful and ever extending
excitation, and up to that point eye-movements alone occur.
It must therefore be acknowledged that unless an ^ entirely
arbitrary position is taken up the eye-movements occupy an
entirely special situation wKich could not agree with our
hypothesis. A further test disproves the hypothesis by a
different method.11 If a frontal section be made in the
anterior zone of the visual area through the hemisphere,
such as I have lately recommended for the extirpation of
the visual area,13 only deeper, so that it opens the ventricle,
and if its lower end is carried horizontally from the edge of
the corpus callosum to that point in which, according to my
representations, the anterior and the lateral margins of the
visual area join—then, as long as the electrodes are not
placed in the neighbourhood of the cut surface—electrical
stimulation of the visual area produces the same movements
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of the eyes after the section as before. And it makes no
difference if a second section be made dividing white sub-
stance and cortex extending in a vertical continuation from
the lateral or outer end of the first one, outwardB in
front of the descending horn of the lateral ventricle, along^
the convexity of the hemisphere, as far as the tip of the
temporal lobe, but sparing a layer 1-2 mm thick, lying out-
side the optic thalamus. This layer contains the sagittal
fibres of the occipital lobe.1* According to all thatVe know
about the position of the associated fibres, the pathB for
associated actions have been interrupted partially by the
first section, and completely by the combined sections.
These tracts connect the visual centres with the cortical
centres in F. or H. hence these cannot take part in move-
ments of the eyes when these movements arise by electrical
stimulation of the visual area.
No significance can be attached to the commissural fibres
"which pass out of the visual areas into the corpus callosum,
because no idea of the process could be thus, conceived,
which would not at once prove untenable. Besides it is
only necessary to cut through the posterior part of the
corpus callosum lengthwise, either in the uninjured brain
or after the before-mentioned sections have been performed,
to observe that excitation will still produce movements of
the eyes. Consequently, the conclusion remains that these
eye-movements come to pass because the stimulation brought
about by the electrical current extends to the radiating fibres
of the corona radiata which go to the sub-cortical parts of
the brain, and that the excitation originates in the central
elements of the visual area, or in the radiating fibres where
they proceed from the visual areas. The following experi-
ment shows that this is the case.1'
If a horizontal section such as I have recommended for
the extirpation of the visual area be made through the-
hemispheres at the lateral margin of the visual area, the
eye-movementr will then no longer appear on stimulation of
the visual area. The experiment can be .made at any time,
but it is best performed on the still uninjured hemisphere.
The loss of blood and disturbance of the circulation of the
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occipital lobes cannot be made responsible for the result
since the loss is, as a rule, much less than with the frontal
section before described, or when several successive sections
have been made. A very interesting variation of the experi-
ment may be performed, as follows: If, on the uninjured
brain one directs the scalpel, not obliquely upwards, as
was desirable for the extirpation of the visual area,1* but
obliquely downwards, so that its point tends towards the
under surface of the corpuR callosum: then the associated
fibres, such as the callosal, are preserved, while the radiat-
ing fibres are cut through, and upon excitation the eye-
movements are found to have disappeared. A haemorrhage
into the ventricle is not of much importance in this ex-
periment, for a Bimilftr haemorrhage with the frontal section,
or with its extension lengthwise, does not affect the result.
To our previous knowledge of the visual areas, as central
organs for vision, is therefore now added an in Bight into
certain connections which the visual area forms with other
central organs, viz., those connections which adjust the
movements resulting from vision. It may be assumed, in
connection with the accomplishment of these movements,
that the excitation is transferred from the central elements
of the visual area through associated fibres, to other cor-
tical areas and thence to lower (sub-cortical) portions of
the brain. We now know that the corona radiata of the
visual area, contains, besides the optic nerve fibres, the ex-
citation of which transferred centrally towards the visual
area produces vision, also radiating fibres, the excitation
of which, transferred towards the periphery from the visual
area to lower (sub-cortical) parts of the brain, occasions
movements, bat that these are simply eye-movements the
result of vision (with accompanying eyelid and such like
movements), and that all other movements which are the
result of vision, require the interposition of associated fibres
and other cortical areas. Our experiments do not exclude
the possibility that eye-movements are brought about by
the latter mode as a result of visual excitation, but it is
plain that certain eye-movements are preferred before all
other movements which are the result of vision, in that
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they are brought about in the nearest and shortest way
through radiating fibres of the visual area.
There can be no doubt of the kind of eye-movement so
preferred. My last communication gave me occasion to call
attention to the way in which retinal and visual perceptive
reflexes are to be distinguished in animals. The contraction
of the pupil when light enters the eye is a retinal or optic
reflex—a common reflex action for which light perception is
not required, and which is brought about by means of lower
portions of the brain, without the cerebral hemispheres.
On the contrary there are, as I have remarked, other visual
reflexes, sensory reflexes, which are effected by the action
of the visual centres, e.g., when—without the co-operation
of the attention or judgment—the eye blinks on approach
of the hand, or the animal avoids an obstacle by moving.
For these visual perceptive reflexeB the excitation must, we
are now able to add, take a course from the visual areas
through the associated fibres to other cortical areas, and
through their radiating fibres to the lower centres. But
the examples given, as well as the retreat from the slash
of a whip, the cowering at a stone being thrown, the
parrying of a blow with the out-stretched arm, and the
like, are visual reflexes of a higher order; reflexes which
with all their manifold variety, have this in common—
that they are not innate, but are evolved; and that for the
commencing of the movements—involving co-operation of
attention and deliberation—visual and other representations
must arise. Besides these there is, we find, yet a third kind
of reflex in animals which stand as it were midway between
the two first kinds, viz., visual reflexes of the lowest order,
which are innate, and presumably never have psychical
visual representations, but only have to do with the per-
ception of light or other simple visual effects : such are the
involuntary movements, which cause the eyes to wander,
before being fixed upon an object which was previously
indistinctly seen. It must be these reflexes (exclusively
eye-movements that are the immediate and direct result of
vision) for the performance of which the excitation, con-
ducted by radiating fibres to the visual areas, proceeds again
directly by radiating fibres to the lower (sub-cortical) centres.
 by guest on O
ctober 12, 2015
http://brain.oxfordjournals.org/
D
ow
nloaded from
 
60 THE VISUAL A£EA OF THE CEBBBBAL COBTBX.
It may be observed that we have thus obtained an in-
sight into the course of the nerve tracts which pass out
from the visual areas, without having fixed our attention
upon the consequences of electrical excitation of the visua
areas other than the mere appearance of eye-movements,
and without having found it necessary to decide whether the
excitation has arisen in consequence of electrical stimula-
tion in the central elements of the visual areas or in the
associated fibres or in the radiating fibres which pass out of
the visual areas. But it stands to reason that the eye-
movements resulting from stimulation of the visual areas,
correspond as before stated, not simply to those eye-move-
ments of the animal which are the result of vision, but more
especially to those particular eye-movements which produce
" wandering vision" and fixation of the eyes upon an object-
previously indistinctly seen. Prom the direction of the
eye-movements observed on excitation of the visual area, it
is therefore to be concluded that to each visual area belong
the portions of both retinae of the corresponding side which
are on the same side of the maculae lutse, and that to the
anterior, middle, and posterior zones of the visual areas
respectively belong the upper, middle, and lower quadrants
of those portions of the retina. Thus the theory of projec-
tion to which by the help of his assumption Mr. Schaefer
has arrived in the monkey, fits in with the results ob-
tained by our method upon the dog.
Nevertheless that result is only free from objection, if
one recognises that the visual nerve fibres after their entry
into the visual area, are connected directly and immediately
with the central elements which serve for the perception of
light; and indeed this is the simplest and most natural of
all considerations which I have hitherto brought forward
relating to the visual areas. This point, however, might be
disputed, for it might be assumed that the visual nerve
fibres enter upon their nearest connection in the visual
area with the central elements of the ordinary kind, such
as the lower portions of the brain and spinal cord contain;
and that on the one hand connecting fibres extend out of
these common reflex centres into the central elements serv-
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THE VISUAL ABBA OP THB CBBBBBAIi COBTEX. 61
ing for the perception of light, while on the other hand the
radiating fibres of the visual areas arise out of them and
conduct the stimulation towards the periphery. The results
of electrical stimulation would then by no means correspond
to the eye-movements of the animal resulting from vision,
and accordingly would not serve as a proof of projection,
but they would merely indicate (no matter whether they
rested upon excitation of the common reflex centres or of
the radiating fibres) that both the visual centres and their
respective zones stand, for purposes as yet unknown, in
different relations to the different eye-movements. To meet
this objection we must again turn our attention to stimula-
tions of the visual centres.
Roughly regarded, the eye-movements which I have
above described, are the usual and regular results of stimu-
lation; and if here and there an anomalous result occurs,
yet in a general survey of the visual areas, one is satisfied
to ascribe it to a spontaneous movement of the animal or
to some other uncontrollable circumstance which one must
always assume to occur in this kind of investigation. On a
closer inspection, however, the apparently irregular excep-
tions are found more and more to concur; and finally it
comes out as a constant and regular occurrence that under
certain conditions which depend upon the place of excita-
tion and, on the condition of the eyes at the time of exci-
tation, no associated eye-movements take place. If one
stimulates the middle of the spot A (figs. 1 and 2), say of
the left visual area, both eyes remain quite immovable if the
dog is looking straight forward, or the left eye goes some-
what to the. right whilst the right eye turns a little to the
right or left; while if the dog is not looking straight forward
the left eye always moves strongly to the right, whilst the
right eye continues in this case also at rest, or only turns a
little to the right or left. Now, as the upper eyelid is raised
in all cases, and the pupil undergoes a sudden extensive
dilatation, the desired certainty is obtainable that in the
case of rest, or only slight movement of the eyes, the exci-
tation was as effectual as before. If the excitation be
brought nearer to the antero-lateral end of the visual area
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by placing the electrodes upon the second convolution ex-
ternal to the fissure which divides it, or both there, and
upon the third convolution—then both eyes move to the
right, and at the same time more or less downwards, if the
dog is looking fixedly forwards; but they converge consider-
ably if it does not.
We have obtained more experimental results of this
kind, but their conditions cannot so far be formulated with
the same certainty. For the enquiry is rendered difficult
by the fact that many dogs, after they are awakened from
the ether narcosis, to which they are subjected for the
operation, remain in constant excitement, and look con-
tinually first upon this, then upon that object, which may
happen to be before their eyes. The only dogs which are
perfectly serviceable for this experiment are those which
are naturally patient or become quiet after the experiment
has lasted a short time, so that they can be tested in
a condition alternately of increased or diminished attentive-
ness, according to the degree of attention which is being
devoted to them. In such dogs it is easy to make the
observations, and they suffice to get rid of the objection now
under consideration. This could not be done before, be-
cause with regard to the associated movements of the eyes,
right, left, upwards or downwards, which Mr. Schaefer
found in the ape, and which we have above shown to
occur in the dog, there is nothing to distinguish them from
common reflex movements. But the new investigations
combined with the old ones, have led the results of stimu-
lation beyond the limits of such movements That the
eyes by one and the same stimulation, at one time re-
main at rest, and at the other move; at one time make
associated, at another converging movements, is not con-
ceivable, if it is dependent upon excitation of nerve fibres
or ordinary nerve cells. It is only comprehensible and
agrees with what is to be expected if sensory perceptions
are answerable for the result, if light perceptions cause the
fixation of the eyes. -
Other experimental results are confirmatory of these.
If the electrodes, a weak excitation only being employed,
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are shifted from the middle of spot A forwards and back-
wards (best when keeping to the second convolution on
the mesial side of the fissure which divides it), the eyes
move downwards the further forward one excites the area,
and upwards the further backwards, and without exception
the strongest downward movement that can be obtained
is less than the strongest upward movement. In order
to explain all this, without assuming visual perception,
one must take refuge in a number of gratuitous and im-
probable suppositions. On the contrary, it can be easily
and perfectly understood on the supposition of eye-move-
ments which lead to the fixation of an object previously
indistinctly seen, since the spot of most distinct vision
in the dog is situated in the upper outer quadrant of the
retina, where the tapetum is most developed. One can
be in no doubt about the determination of this; and that
it is right, is confirmed by further experiments. It is
found, for example, in many dogs, that the strongest down-
ward movement is not only less, but considerably lesB, than
the strongest upward movement; and as the post-mortem
section proves, there are always dogs whose tapetum, of
normal size, is placed unusually high. In such dogs, the
lower border of the tapetum runs at a considerable distance
from the horizontal meridian of the optic papilla, while,
in others, it reaches the horizontal meridian; occasionally
even extending below it. Since obtaining this insight into
the conditions of the retina and occipital lobe, we have
been able to predicate regularly the position of the tapetum
by the results of stimulation, the degree of difference between
the strongest downward and the strongest upward movement
being inseparably connected with the higher or lower posi-
tion of the spot of distinct vision.
In the way thus marked out, by means, that is to
say, of the results of electrical stimulation of the visual
area, evidence of projection is obtained, which is entirely
independent of the former evidence which I have given.
From a scientific point of view the higher importance is
undoubtedly to be attached to the earlier evidence, because
the method which was employed, viz., that df extirpation,
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leads directly to the point desired ; whereas by the method
of excitation this is only to be attained by circoitotis routes,
and not without the employment of intermediate links, if
indeed these are altogether reliable. On the other hand,
the new evidence offers this advantage that the easier and
leBS involved experiments, in which stimulation combined
with section is employed, would, judging from the pre-
ference hitherto evinced by investigators, be more likely
to be repeated than extirpation experiments, which require
months at least, and are difficult alike in execution and
observation. At any rate, it is of unmistakeable value,
that the conformity of the experiments by both methods
warrants the assumption that there is some certainty in
the knowledge acquired. And this conformity extends
even farther than I have yet mentioned. For the result,
which the stimulation of the antero-lateral extremity of
the visual area offers, is only completely comprehensible,
on the assumption that the antero-lateral part of the
retina of the corresponding side is in connection with
that extremity, and the results of excitation of the middle
of area A are only rightly to be understood on the
assumption that the centre of distinct vision of the
opposite retina belongs tq this area; and that the part
indicated has been accurately hit upon in this latter
stimulation, when both eyes remain at rest, or only one
eye moves; but not quite accurately, if both eyes move.
Mr. Schaefer's endeavour to rectify projection as dis-
covered by me, so far as,concerns the horizontal relations
of visual area and retina, finds therefore its own con-
demnation by the facts which are elucidated by this method
also.
As was natural to suppose would be the case, the recent
exploration in a virgin district has, besides, led to a new
acquisition. That the movements resulting from vision
-are brought about by impulses passing along two different
paths, and that the lowest visual reflexes traverse the
•shortest path through the radiating fibres of the visual
area, deepens our insight into the structure and functions,
not only of the visual areas, but of the cerebral cortex in
 by guest on O
ctober 12, 2015
http://brain.oxfordjournals.org/
D
ow
nloaded from
 
THE VISUAL ABBA OF THE CEREBRAL CORTEX,
AND ITS RELATION TO EYE MOVEMENTS, BY
PROFESSOR HERMANN MUNK (BERLIN).
FIG. l.
FIGS. 1 and 2 represent the connections of the visual areas with the retina in
the dog (reproduced from Munk's " Uber die Funotionen der Gross-
hirminde 6te Mittneilung.")
FIG. 1 represent* a frontal section made through the middle of both visual
areas. The eyes and optic tracts are represented cut through horizon-
tally.
FIG. 2 represents both visual areas as seen from above. v The right visual area
A is dotted. The left (a) in marked with lines, and the Bixrts (A, and a,)
the extirpation of which resulted in psychical blindness, arc dis-
tinguished by darker shading. The posterior surfaces of both retina are
ahowiij and the centre of each is marked C.
B and b indicate the auditory area* at their junction with the visual area.
Oh.—Chiasma.
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FIG. 2.
Tn both figures the portions of the cortex of the visual areas are connected
by line* or dots with their respective corresponding portions of the
retina.
Fio. 1-shows how each visual area ii connected with the lateral fourth of the
retina of the same side, and the meelal three-fourth of the opposite tide,
the most internal fibres of the retina passing to the most internal por-
tion of the visual areas. The fibres coming from the central points of
distinct vision are shaded darker and terminate in spots A and a.
Fio. 2.—The fibres may be traced from the upper borders of the retinte to the
anterior borders of the visual areas, from the lower borders of the
retinas to the posterior borders of the visual areas, and as in Fig. 1. the
more deeply shaded fibres are seen passing from the centres of distinct
vision to spots A and a.
With the exoeption of the outer portion, which is represented by lines in the
left retina and by dots in the right, all the fibres proceeding from the
retinas cross over at the ohlasma to the visual area of the opposite side.
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Frc.
FIG. 3.—Cerebral cortex of the monkey (after Munk'a " Functionen, &c, 4te
Mittheilung.")
A.—Visual area.
C to J.—Tactile sensory areas—( Fiihlsphaere) of Munk'g, psychomotor areas of
other authors.
D.—Fore limb region. H.—Neck region.
C.—Hind limb region. J.—Trunk region.
E.—Head region. B is placed upon that portion of the
F.—Eye region. cortex which from experiments on
0-.—Ear region. dog? is assumed to be th« auditory
FIG. 4.
Fio. 4.—Cerebral cortex of the dog after Munk ("4-te Mittheilung.")
A. —Visual area. E.—Head region.
B.—Auditory area.
C to J.—Tactile sensory areas
(FUhlspbaere).
D.—Fore-limb region.
C.—Hind-limb region.
F.—Ere region.
G.—Bar region.
H.—Neck region.
J.—Trunk region.
VOL. XTTT.
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THE VISUAL AHEA OF THE CEBEBKAL COBTEX. G5
general, as will be subsequently sbown. The projection of
the retinsB upon the visual areas presents itself now in its
full significance as the substratum for the localisation of
the visual perceptions, since the involuntary eye-move-
ments, which are brought about through the radiating
fibres supply the necessary complement. Successive and
opposite positions of the objects in Helmholtz's visual fields
are yielded by projections, the judgment being assisted by
the sensations which bring about these involuntary eye-
movements, upwards, downwards, right, or left: thus pro-
jection and eye-movements together, permit such rapid and
certain cognizance of the visual field, as we observe in
animals, and which would be quite impossible, if it were
necessary to deliberate regarding every detail in the visual
field.
The discovery of the new radial fibres of the visual area
will prevent the anatomical investigator from being able,
without further consideration, to refer all descending de-
generations which result from removal of that area to the
tracts which conduct visual impressions, but there is on
the other hand now opened up to him the prospect of
being able to distinguish the two kinds of central elements,
and of being able to demonstrate their morphological dif-
ferences, a prospect which is attractive by reason of the
proved connection of the radiating fibres with the light-
perceiving central elements, and of the associated fibres
with the representative elements (Vorstellungselementen).
Moreover, it is worthy of remark that our result, that
the light-perceiving central elements are thrown into excita-
tion by the electrical stimulation of the visual area, is not
isolated. That the movements which result from electrical
excitation of the psycho-motor area (Fuehlsphaetfe) proceed
from the excitation of the grey cortex or cortical elements,
has already been settled after much labour and research:17
and is proved by the fact that if the electrodes lie on the
uninjured surface it requires a weaker current to obtain a
result, than if by the removal of the cortex the exposed
white substance is stimulated; further, because the move-
ments in the former case commence later, and last longer
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66 THE VISUAL ABBA OP THE CEBEBBAI. CORTEX.
than m the latter case, and lastly because, in dogs which are
narcotised strongly with choral or morphia the movements
disappear on excitation of the surface, not on excitation of
the white substance. Corresponding statements apply also
to the visual area. Here also it is found that after removal
of the cortex, stronger currents are required to obtain
the associated eye-movements,18 than if the electrodes are
placed on the uninjured surface, and it may also be shown
that in dogs which are strongly narcotised by morphia or
weakened by loss of blood, the excitation of the surface
is unsuccessful unless a very strong current be used, whilst
the excitation of the exposed white substance produces
results with a current of ordinary strength. Hence it
follows that the movements resulting from electrical
stirrmlation of the visual area are derived from the excita-
tion of the area itself, i.e., of its cortical elements. One
would, it must be freely admitted, need strong evidence to
prove that only certain central elements of the cortex are
thrown into excitation by the stimulation ; evidence stronger
than is as yet afforded even by all these considerations.
One might, since the nerve fibres of the corona radiata are
prolonged into the grey cortex, endeavour to explain the
different results got from stimulation of the cortex and of
the white substance, by considering that these nerve fibres
have a different structure and irritability in the cortex
and white substance respectively. Such a supposition is,
however, constrained and unnatural, for an undoubted and
great difference exists between the ganghon elements on
the one hand, and the fibres on the other hand, and it is
easily conceivable that the ganglion elements are excited by
weaker currents, and are more easily injured by narcotics
or insufficient blood supply than the nerve fibres. One is,
therefore, justified in concluding from the foregoing con-
siderations that the central elements of the visual area are
excited by electrical stimulation of the same, and hence
it follows that, as our above described research has proved
in another way," the excitation of the light-perceiving cen-
tral elements through the electrical stimulation of the
visual area represents the next advance in our knowledge.
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In conclusion, I must emphasise the harmony which
has existed between my earlier inquiries by extirpation and
my later ones by stimulation. It goes further than pro-
jection, which was the object of our researches. It was
astonishing every time that we came upon that spot of
the visual area upon stimulation of which, if the dog were
looking fixedly forwards, both eyes remained at rest, and,
if the dog were not in this condition of fixation, the oppo-
site eye remained immovable, how accurately this spot was
found to correspond to the middle of the stelle A, i.e., to the
middle of those parts of the/visual areas, by extirpation of
which I produced psychical blindness, and which I after-
wards proved to belong to that part of the retina which is
concerned in distinct vision. But it is the same in respect
to the borders of the whole visual area, when one takes
into consideration how easily for such determinations the
methods both of extirpation and stimulation are saddled
with possibilities of inaccuracy, each in its own way. Accord-
ing to the impressions which I have formed from the ex-
citation experiments, I should be inclined to believe that the
anterior margin of the visual area, at its mesial extremity,
was situated a little farther forward along the first convo-
lution than my diagrams show; this would be in concurrence
with the fact that in those cases in which the intended total
extirpation of the visual area had not been perfectly suc-
cessful, I had to seek for the remainder of the visual area
with special frequency in the anterior mesial end of the
area. On the other hand, the somewhat triangular corner
which, according to my diagrams, is cut off at the antero-
lateral border of the visual area from the third convolution,
has no¥ to be excluded from the visual area; manifestly,
however, it is necessary for total extirpation of the visual
areas to take away this triangular corner bit, in order that
none of the cortex of the second convolution be left behind
in the fissure between this and the third convolution.
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LIST OF EEFEBENOES.
1
 Ueber die Fonctlonen der Grosshirnrinde. OaaavtelU Ilittheilwigcn-
Berlin, 1881. S. 81-1; 38..
3
 Ibid, 8. 79-94.
1
 Ibid, 8. 104.
* Ibid, S. 38, 126-7. Du Bois-Eeynionrt's Arehiv., 1881. 8. 457-9.
* PMlot. Trantact. qf the R.Soo. of London, TO], clixis. (1888), B. p. 815-7 ;.
3J1-8. BBAIN ; a Journal of Neurology, vol. x. (1888), p. 370-1 ; vol. xi., p. 1.
* BRAIN, vol. xi., p. 1-6. Everything of importance JB here quoted word
for word.
T
 In order to make this intelligible, I must remark that 8chaefer's " visual
nrea" extends, not only over the occipital lobes, but also over the immediate
neighbourhood forwards and outwards. ThiB is of no Importance as concerns-
projection, about which my preseut communication treats, therefore I shall not
further refer to it in the text. But in the interest of the subject it is im-
portant in passing to throw some light upon this "important difference." In
the PhiL Trtiuact^ vol. clxxix. (1888) B., the conclusion to which Schaefer
has arrived as the result of his and S. Brown's experiments appears as
follows:—
" The two experiments, in which the ablation respectively of one or both
occipital lobes was complete, are entirely confirmatory of the statements of
Monk on this point, who asserts that complete and permanent blindness is pro-
duced by the removal of the occipital lobes alone without the implication of
the angalar gyri, and that removal of one occipital lobe causes complete and
permanent hemianopsia ; " (p. 321) and again, " these two experiments, namely,
those in which the occipital lobe was totally removed, one unilaterally and two
bilaterally, appear to afford a complete demonstration of the idea that in the
cerebral perception of visual impressions, that lobe and that lobe only of the
cerebral hemisphere of the monkey is concerned " (p. 822). The same position
in also taken up in BRAIN (vol. x., p. 362-72). " When temporary hemiopia has
resulted in consequence of extensive lnions of the temporal lobe and in one
case of the angular gyms, these transient symptoms may be ascribed rather to
disturbances of the circulation in the occipital lobes and to the temporary loss
of support which is afforded to that lobe, than to the fact that the visual area
of the cortex spreads over from the occipital lobe into the adjoining parts of
the brain. If this were the case in the monkey there should be always some
remains of the visual perceptive faculty after removal of the occipital lobes
alone, whereas both Monk- and ourselves have found that tkere way be no
trace left of such faculty It is, however, also possible that
fibres connected with the cortex of adjoining parU of the brain (and especially
of the angular gyrus), may curve backwards into the occipital lobes, and thus
become cut off along with that lobe. Various facts might be cited in support
of this idea. . . but we are not at present in a position to come to a definite
decision upon tho subject." Now the communication from which the above
text (BRAIN, vol. xi., p. 1-6), is quoted, commences in the following manner :
—" The \ isual area of the cerebral cortex in the monkey, so far as it U deter-
minate from the results of extirpation and of electrical excitation, comprises
tbe whole of the occipital lobe. It perhaps includes a part or the whole of
the angular gyms, although the result* of extirpation would appear lo show
tliat the part played by the latter convolution is comparatively small. Bemoval
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•of both occipital lobes produce total and permanent blindness, whereas des-
truction of the corter of both aognlar gyri U not followed by any appreciable
permanent defect of viiion. Bat, as will presently appear, electrical excita-
tion of the posterior limb of the angnlar gyrus produces movements of the eyes
•similar to those which are produced by exoitation of the adjoining portion
of the occipital lobe; it is .probably correct, therefore, to ioclude at least
this portion of the angular gyrus in the visual area." To this a foot-note
U added. "A similar result is obtained on stimulation of the upper end of
the superior temporal gyrus and of the adjacent portion of the middle
temporal. This may be due, aa is usually supposed, to the calling up of
subjective auditory sensations; but the possibility of this part belonging also
to the visual area with which it is anatomically continuous most not be over-
looked." Again, on p. 4 it is stated—" I have not obtained any effect from
stimulating with wjak faradisation the anterior limb of the angular gyrus,
even when well marked results have beea obtained with a strength of current
barely perceptible to the tongue, from the parts which have just been con-
sidered." (It is not clear what is meant by " the parts just considered ; " per-
haps the cortex of the occipital lobe.)
I have given in full the material for an estimation of the " very important
difference," and 1 need add nothing to it. Schaefer must certainly have been
aware that the electrical currents, when the eleotrodes are placed just in
front of tbe borders of the occipital lobe, are not absolutely confined to the
point which is in contact with tbe poles, and therefore the surrender of his
earlier and correct position is only to be explained by the lively dispute in
which he became engaged with Ferrier, as a result of his upholding my experi-
ments (see BBA.IN, voL v , p. 7. 145). But I do not think that, because Ferrier,
as is now universally acknowledged, at one time made certain useless experi-
ments, more energy should be wasted in refuting his errors.
8
 Ueber die Functionen u. s. w., S. 127.
• Da Bols-Beymond's Archie, 1881, 8. 458-9.
H
 Ueber die Functionen u. s. w., S. 126-7. Da Bois-Eeymond's Archir.
1881, S. 456-7.
II
 Ueber die Funct ionen a. s. w., S. 62. Ira Bois-Reymond'B Archie-, 1878,
8. 852.
" The following facts conoeming some similar experiments became known
to as in the spring of 1889, only after we had carried out our research, and we
must be content with noticing them without comment.
Schaefer (International Journal of Anatomy and Phj/tiology, 1888, vol. v.,
part 4), removed fir#t the one, then the other frontal lobe in front of the fissure
of Rolando, cutting through the corpus callosum as well; electrical stimulation
of the occipital lobe then caused associated eye-movements towards the side
opposite to the excitation. " It is therefore clear," sayB Schaefer, " that these
posterior exoitable regions do not naeattarilg produce the movement in question
by calling into aotirity the grey matter of the frontal cortex, and the centre
through which they operate after removal of that grey matter, must be looked
for in some more deeply seated portion of the brain (very probably in the grey
matter of the corpora qoadrigemina). At the same time there id no evidence
that when tbe frontal cortex is intact they do not operate through that centre,"
that is to say, as appears from the context, through the anterior motor centre in
the frontal curtex. Furthor, Danillo has stated in a preliminary communica-
tion (which is, in many respects, not very clear since we have been dependent
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7 0 THE VISUAL ABEA OF THE CEREBBAL COETEX.
upon a translation from the Bnuian) that the associated movements of the eyes
to the opposite idde which he produced by electrical stimulation of the white
substance of the occipital lobe in very young dogs and cats, still remain after the
femoral of the cortex of the anterior motor region, likewise when he separated
the anterior part of the brain from the posterior by a transverse section 1J cm.
deep, and the same even when he made deep longitudinal seotions parallel to
the mesial border of the hemisphere along tfae first occipital oonTolution and
also in the region of the gyros angolaris. Danillo therefore conclude* thit
the centres for associated eye-movements are neither in: the motor nor in the
occipital region of the cerebral cortex, but are deeply situated. Bechterew dis-
putes this conclusion (N/mrologitctu* Gmiralil, 1889, No. 18, p. 618, Note.)
According to him Buoh oentres exist both la the motor and In the ooolpital
regions. Their pretence in the occipital I6bes oan, he believes, be oonsidered
as proved by this—that after sections whloh divide the cortex corresponding to
the position of this oentre from the deeper lying parts, their stimulation no
longer produoes the customary movements, and for this he oites his "Physiology
of the Motor Ana of the Cortex" in the Bussian Archive* of Piyeltiatry,
1886 and 1887, a communication about which no mention is elsewhere to DA
found.
Lastly, P. Boeenbach (JVntnrf. OmtralU^ 1889, No. 9, p. 255) has stated
that "the lateral deviation of the eyeball, which is obtained with oertainty
from the occipital lobes, and best from a particular point in Hunk's visual
sphere, in all cases remains even after complete destruction of the motor
region."
" D\ete BerieUe, 1889, S. 616.
" Compare Wernioke, Zekrbvckder Gekir*tra*UteUeu,Bd.l, 8.87, fig. 46*.
u
 Piete Berichte, 1889, S. 616.
•• Ibid.
11
 Franck et Pitres, Trataua <?« Wwratoire de M. Marey, ann. 1878-9.
Paris 1880, p. 427-29 ; Arch, de PJiytiologie, 8. ser. t v. 1885, p. 7. Bubnofl
and Heldenhain, Pfltlger's Arek., Bd. 26, 1881, 8. 140-70. Francois-Franck.
Zefoiu rur ietfoneUem motriaei dm eerreau. Paris 1887, p. 29, 86, 818.
" The occurrence, on electrical excitation of the freely exposed white sub-
stance of the occipital lobe, of associated eye-movements towards the aide
opposite to the excitation has already been demonstrated by Danillo and P.
Boeenbach (see Note 13). Danillo has observed the movements in very young
cats and dogs, hardly two months old, in which excitation of the uninjured
occipital lobes was quite unsuccessful, and he has concluded that therefore
Farrier's assumption that the eye-movements which are the consequence of
cortical excitation depend upon subjective visual sensations, is untenable.
That Danillo's conclusion is however, incorrect, now needs no further explana-
tion, since the radiating fibres of the visual area, which oonduct the excitation,
towards the periphery, are affected by the stimulation of the white substance.
•* lJeher die F**etitme%, u. s. w., B. 89-91; 107-8.
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